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The never-ending journey for safety that began with the evaluation
of a hypothetical accident
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Are Technological Innovations in Nuclear Power Generation

Considered in Public Acceptance?

A Comparison of the US, France and China through Text Analysis in Applied Research Studies

JEEIE ) *1

(Tomohiro Fujita

BN R AOREEDD DAL DROZFIZD D DRI VNT, IR ED LY
F + BEARFER T OO U DR F I ITERIFEDORHN B 5. AR TIL, L ORIEDT- DD RN &45
ZEEHAME L, JHEFgEEEEM LCu VO AAE D BT T B HIEY - LAY e Rk AS —ER T
RN LI A L, 830 v —F 0 3RER Y L, KA O EZEM O iic Y E &b,
TR Mo aE S LTz, f#RE LT, Eﬁ;ﬂs7 U — XD HBUHE & 95 1 i, [EFRM THB
PRI E < 7e o7z, )5, 7 A YU 717C nuclear waste, 7 7 AT construction costs, H[E T public
acceptance & U\ 727 L— XOMBURIEAE < 721, cost &1 5 MR HEIC 35U C HBUBIEA I
moTz.
*—I—F  ETRE, TR Mo, B, 2 A b
Abstract Studies in public acceptance of nuclear energy have not considered sufficiently technological
aspects such as an innovation for safety improvement of nuclear power plants. However, there are some
differences among countries which utilize nuclear power generation because the various technological
challenges they face are not the same. As an initial step to tackle the problem of this insufficient consideration,
this study carried out the quantitative text analysis of applied research studies written in English of three
journals, focusing on a comparison of the US, France and China. As a result, in terms of the frequencies of
certain word usages, correlation coefficients among countries were high. On the other hand, frequently, the
bigram "nuclear waste" was found to be used in the U.S., "construction costs" was found in France, and
"public acceptance" was found in China. It is noteworthy; the word "cost" was not found to be used much in
China.

Keywords  nuclear power generation, text analysis, technology, cost
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Measuring the Effectiveness of Videos through a Web Survey:
Which Leads to Acceptance of Nuclear Power, Decarbonization, or Self-sufficiency?
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Abstract In this study, we created five videos explaining the need to reduce thermal power generation from
the perspectives of decarbonization and self-sufficiency, as well as the issues surrounding variable renewable
energy sources, with the aim of increasing the amount of information available for making decisions about
power sources. We then measured the effectiveness of the videos using a web survey. The following results
were obtained: (1) Awareness and understanding of the videos' content increased by 10 to 20 points. (2)
Support for nuclear power generation increased by watching the video related to self-sufficiency due to
specific explanations about the risks of fuel import dependency in thermal power generation. Additionally,
we observed gender differences in the effects. For women, it was necessary to add an explanation about the
advantages of nuclear fuel stockpiling. (3) In the video related to decarbonization, watching it increased
awareness that thermal power generation is the largest source of CO: emissions in Japan and that nuclear
power generation does not emit CO.. However, support for the use of nuclear power did not increase
statistically significantly. (4) About 50% of respondents recognized that renewable energy cannot be increased
all at once. Even after explaining issues with natural variability in power generation, such as the "simultaneous
and equal principle" and the characteristics of electricity and power generation adjustment mechanisms, this
percentage did not increase. There was also no change in support for nuclear power.

Keywords
sufficiency, gender difference
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Risk Communication in Energy Issues

— The Content and Extent of Interest for Nuclear Power among Younger Generations —

(lF {£Z (Shinji Yamashita) *1

EM TRAF—REICKTIBEB LD I a=r—ya vk, BFAHREICHT L0
RESIZAEDEELIVBVWLOE LTV ZEEZHIBELTWD, FFNEEIZOWTOZITIED
FOERDRKRENEBONDIEERBIZONT, BMLOKEIEIEZETLOLE L TOFRTIFHEEDOH]
ERICP DY AT ~DARLEDORESEZHELTZ) 2T, TOERICEE L2 28N (K+) %
IHTLCREBMET A Z & 2Rk A7z. BRSNS L, OBFHR~DOREZ @EXKNSHBIC
fEZ7WARZE O 2 OONFEEIO B3I SN2y, T O X D R ARLIIEFER-EA O H O TIER
CUHERIZIFESRVLD EEbIA. URZOZFIEDFIFRFERE L I ERT AR, U X
7 DOZTIEDFICERITR LN, 29 LEARIIEROERZFICE DO TIERL THEakk
B R 7R BICHT 258 ORE ] ICHBAL Wb  EEX LS.

F—I—F HFEE, =xAX—[E, KOREOREM, B, Eit

Abstract We are working to improve communications with younger generations about energy issues by
modifying the degree of their interest in nuclear power generation. Regarding younger generations who are
considered to differ greatly among individuals in their perception of how nuclear power is used, we attempted
to categorize them by analyzing factors that influence these differences with respect to the degree of anxiety
about risks in the use of nuclear power as a degree of interest. As a result of the experiment, only two
classification axes were extracted for categorization: (1) anxiety about radiation and (2) anxiety about not
being able to use electricity freely. But it seemed that these were not specific features to younger generations
and they were independent of age. The tendency to accept risk generally increased with age, but there was no
difference in the age factor. These differences seemed to correlate not only with “age”, but with “social
experience” and “degree of recognition about nuclear power.”
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A study on simplified elastic-plastic correction (Ke factor) for thermal loading

1. #8

T, T IIRET T N OBERREHT AWV OB EHE 5
MR b, O & 55 A OB RIR 2 R IR E &

%4 B  (Masayuki Kamaya) 2 #H  #0A  (Seiji Asada) 3
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I B EEHIC, FRHEO KArERE il LT, %LT BEEET VEIRIC, BAiEIZHT 5 Ke
R AFHE L. ZOR5, ASME OBHE T O K AR, BT w200 2 73850028 81
IR WEEIZOBRAENTHDHZ ENRENTZ. T LT, TR EEE 2 TEMTEICS L
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F—0—F B, JEY, S VEVERIE, R

Abstract The simplified elastic-plastic correction factor Ke is quoted in fatigue damage assessments for
component design to predict elastic-plastic strain from elastic strain without performing elastic-plastic
analyses. The Ke factor has been widely used in various design codes, although its value has been determined
according to individual policy to achieve conservative assessments. Recently, the American Society of
Mechanical Engineers (ASME) modified the K. factor for thermal loading. By assuming elastic-plastic strain
could not become large for thermal loading, a reduced K. value was applied when the stress was caused by
thermal expansion loading. This paper discusses the applicability of K. for thermal loading to the design code
by the Japan Society of Mechanical Engineers (JSME). First, the K¢ factor for thermal loading and its
background are reviewed, and then, Ke values from several codes are compared. Second, finite element
analyses (FEA) for a straight pipe subjected to a fluid temperature transient are conducted to obtain values
for comparison of the Ke factor prescribed in the ASME and JSME codes. The K. values obtained by FEA
become larger than those of the revised Ke of the ASME. It is shown that Ke value depends on the boundary
condition. The K. factor of ASME is valid only when the axial displacement is fully constrained or frequency
of the fluid temperature fluctuation is fast enough. Third, based on detailed investigations, conservative Ke
value for thermal loading is proposed. Finally, the characteristics of the change in the elastic-plastic strain for
thermal loading are summarized and discussion is made about how the Ke factor is prescribed in the JSME
design code.

Keywords  thermal stress, fatigue, simplified elastic-plastic correction, component design
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Fig. 1 A schematic drawing for defining equivalent secant
modulus E* for elastic-plastic condition.
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Table 1 Constants used for thermal stress analyses.

3.85x 109 [Jm*K]
15.86 [W/mK]

25 [kW/m?K]

174 [GPa]
Poisson’sratio: v 0.3

1.64 X 107 [1/K]

Density x Specific heat:
Heat conduction coefficient:
Heat transfer coefficient

Young’s modulus: £

Heat expansion coefficient: o

Axial force due to internal pressure

Tt

Fluid

740 61

Fig. 3 Geometry of pipe subjected to fluid temperature

fluctuation (unit :mm).
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Fig. 4 Assumed fluid temperature fluctuation patterns.
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Fig. 6 Change in K. with S/Sy (Ls = 4 mm). The obtained
results agreed well with that obtained in previous

study ©.
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Fig. 10 Snapshots of stress profile in the depth direction

when S, showed the peak. The membrane and
bending components are superposed.
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Fig. 12 Change in strains obtained by elastic and elastic-
plastic analyses obtained for cyclic loading pattern
(AT=240K, Pn=0, t= 10,000 s).
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Fig. 13 A schematic drawing representing elastic and elastic-plastic behavior that occurred by thermal deformation.
The elastic-plastic condition exhibited larger strain range when axial constraint is not considered, while it is
completely the same with that obtained by elastic condition when the axial constraint is considered.
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The temperature fluctuation range was determined
so that 4owmi/(2Sy) to be 5.
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TT690 &4 SCC HERIRIE I RIS IR DB

Influence of Temperature on SCC Growth Rate in Alloy 690TT

FEH 15 (Takumi Terachi) L, [ Eip (Takuyo Yamada)*1

(L At (Yuki Yamaoka)™*L, 45 2:%] (Koji Arioka)*1

B i SCCMEICEN D TT690 A4 DR EIE R T4 B IR RN 2 3+ 5 72, PWRL KR
R L SR RR P CRAIERRBR A EM L. RBRIIZARIIN LA MZ 72 TT690 &4 F2tta Y
& 7z, 290°C~360°C O PWRL YCRIBERE SRR T, 49 3 J7 R 0 BRI A AE R 21T - 72558,
290°C TITAZER D ST, 320°C~360°CORER A TILT L =7 ABIOIR FER AN TR S
72, 400°C~AT5°COEIRRE R CTHEM L= 2 V —7RBOFERIE, PRl KRICHIT 5 RZ5ER
O EIRMISMRIRICAIE L TR Y, @SWEEHERRD bz, 2D ORI G, TT690 &4 D Jkk
SN TIEEIR Y UV —7 L OBER R B L D Z R T INT.

F—J—F 11690 &4, ISHBEBEEN, ®iRs U —7, REKFE

Abstract To evaluate the temperature dependence of crack propagation in Alloy 690TT, which has excellent
SCC resistance, crack propagation tests were conducted in simulated PWR primary water and in high-
temperature gas. Cold-worked Alloy 690TT which is equivalent to the material used for actual components
was used for the test specimens. In the long-term crack propagation test for approximately 30,000 h in the
simulated PWR primary water at 290°C to 360°C, no crack propagation was observed at 290°C; however, an
Arrhenius-type temperature dependence was confirmed for the specimens at 320°C to 360°C. The creep tests
conducted in high-temperature gas at 400°C to 475°C yielded results that fell within the high-temperature
extrapolated region of crack propagation in the PWR primary water, and a high similarity in behavior was
observed. Based on these characteristics, it was assumed that a mechanism similar to high-temperature creep
strongly influences the equivalent material, Alloy 690TT.

67

Keywords  Alloy 690TT, stress corrosion cracking, high-temperature creep, temperature dependency
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A study on the mechanism of grain boundary degradation in irradiated stainless steels

- Effects of radiation-induced segregation and cavity formation on grain boundary fracture -

=i BAYE (Terumitsu Miura) ®1 (L #ifst (Yuki Yamaoka) *1 4F - f#tk (Kenta Murakami) *2

[FLC®HIC

BEJE P02 (Katsuhiko Fujii) *1 #8%4  #k+ (Koji Fukuya) *1

EH RIFFEISNERENORAERO—> LB 2 BN 5 BEHIAE S R FSRE DK FIZoWn
T, BIACTOMKBEMEITE T v ET A BROFEE G Lz, a4 B L7
SUS316 A7 > L AFH ORISR O 5| 8EMk 56 H) 2 SRR O BN B | REER TI TR, Cr KZ 0N,
Si LA U D A FBEmT & AR 1 nm FRE O/ v BT 4 OIS EE LI5S, S+ b
T 4 TR DI S TR RBEN L Z 0 B2 N ho =, ZOMEE, AT TR
T IR A7 2 U RS & He A A 2 BREFH ORI O 5 iR EZ S oBm L FEEI L TR0, |
HEFHEFEITE XY BT 4 OO EEN AT > L AMORRME LK T SHAEKTHDHZ LN
I N7

F—TJ—F AT, A AR, BEEEEENT, v T o, BN IRRER

Abstract The effects of radiation-induced grain boundary segregation and cavity formation on the reduction
of grain boundary cohesive strength associated with irradiation, which is considered one of the factors causing
irradiation-assisted stress corrosion cracking, was investigated. The tensile fracture behavior of grain
boundary regions in SUS316 stainless steel subjected to ion irradiation under various conditions was
examined by micro-tensile testing at room temperature. The results showed that when radiation-induced
segregation, characterized by chromium depletion and nickel and silicon enrichment, and the formation of
fine cavities approximately 1 nm in diameter overlapped, grain boundary fracture occurred more easily
compared to the case with cavity formation alone. This tendency was similar to the trends observed in
previous studies on neutron-irradiated and helium ion-irradiated stainless steel specimens. These findings
suggest that the combination of radiation-induced segregation and cavity formation is a factor that reduces
the grain boundary cohesive strength in stainless steels.

Keywords  stainless steel, ion irradiation, radiation-induced segregation, cavity, micro-tensile testing

—RFPLY 2T U R, EEMRTREICEAESEINDH Y,

FRINFALS SIE A E1dL (irradiation assisted stress corrosion
cracking, IASCC) 1%, HWE7HUH & @K EDIE £EREEIC
s X412 & JEAEHTAE U AR B OIS JIEREIFL (stress
corrosion cracking, SCC) T 5. JR T JIFEBATIZEB VT,
FNEEm & L CERShAA—AT A FRAT UL
A8 (PAF, AT v LASH) ([ZRAERRDLNTEY, B
Jig 7k Kk 4F (boiling water reactor, BWR) ClafilfitE> 1

k1 (D) HTRey AT Mg Hiflis 27 LFERT
* 2 o REEARRSE B RO

DR BUEIKAF  (pressurized water reactor, PWR) T,
WTIAEFGNIIND, I TN Y TV T+ —< L b
(baffle-former bolt, BFB) <CHIHIOREHREE  (BRFEWI
@ PWR CE S 5. 1970 FARLAREIZ L 0 v A B33
W) WCHEEGND D, AT L AHlE, FERES T ok
JRBREE CIIM SCC PRI AMEICTH 578, HtE7-Hag
TCIXIASCC # B8 LI EHNLEZ /2 5.
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BEB @ IASCC 25IZ6HL L T 5. BFB (33w 7 Ui &
T =~ REHERET DAL BT, JFNT 1,000 ASFREEE
SR, R RERD D B LT L BIHEVK 2 BREHER B
T DD DWHKFEHE 2 D Sy 7 UGS 2 R D
72bDEDThHD. ZDOHA K74 Tl 1ASCC F4E
L& TASCC %A T D LEVST) & B EORIR)
LRV MDD DI B e d% Z & TIASCC IZ kDR
v RO GEa) 2 TRIL, B S OBREAENEHD
20%Z 8 X IR WIS A 5E 95 2 & &, SURIC
F 0 20%LA_ EOARED RO HILTZBITITERIZ L 0 HBiE
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M 2008 AT TIT I IR - )78 4 H i g
(INES) @ TRHFHEIS G EEIIL TASCC) R

FEOTHF S NIRRT — & 248512, HIRFD TASCC (12
ONWCORREERE X TRESINIZHLDOTHDH. Fio, R
Jb S OEARE N EELD T0%IZELTH, Sy 7/
DEREFNT 2 RLLED RV R 2MERTHIUE, WEIKFEE
DI D FFEEOREREDHERF S VD FHIM & 725 T
BY, BED 20%% HAE L T HHCERITLSRE N+
FCEBENTZNEL o TS, AT, D ik
1O PWR T, FRIRE OB S BFB O2RHEER
BFB % & TR SIS O — (R (core internal replacement,
CIR) 2MTbh b & & HIZ, IASCC 24l Db DR L
IMTHD D I TR0 2 A S 5 B FH AR M ThdL T
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[EN PWR O BFB ([ZOWTCIILZEREN 43I LB S
NEPEERDB SN TN DS, TASCC SRR & 72
% b DITFG O PR & F8AE SN BT 2 BRSO O 7
—%, BXLOEN OB @HEFE) cHo, K
BT — & OYLFERRCB AN LA R LT Z e K
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BT b B R OYLFECMHT FIE DO @ B L - T 45
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LCHEDDZ & T, HEHE L VLR LD H &
DR TE D, INLEITOITE, FBAEMESD 1ASCC
IZOWTCOBREVED D Z L WEEIZ/RS.

IASCC I%, SCC @ 3 HKTH LKL, B, IS/1D%
HRZ TR OB IO 2B AN TR TH 5. R
U TR 2 FERE O L Ch SCC DA EfEE T
XD END, ME~DORSHE) IASCC i3 5 %
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AT 2 L AT, BRAL— 7% ¥ ET 1, TS0
PRI R ISR 5 & & BIT, RIS TEE (Fe) 27 1A
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LUy (Si) OWRENEINT HIRE LRI, 1

(P) Wiz (S) FEDOAHMM IR DERT DIRHTAE Z 5
O, DI, BEBRIGNC XV kTFE H) o~V 7 A (He)
bAoA ESND. 260 7 ok O ik Y,
B E S OB ZEIL L, Bk (BRIGT1D E5-
OO CMERIMEDIX T, miE/K P Co—HE &
ORI T O JHERE B ONIROERZBD 5D L )i
5.

IASCC DIEAITIE, FRETRE(IZff > TR R Olis
MLF ¥  RVDOIEE O AT LT 5 2 &
T, RFUTEWRAIGIBNEL D X5 2hb b L0, B
SHEBRIHE S RIRD I 7 m ik & MROZE T L - T
KR OBBENME T2 2 ENEHECERT 5 B2 b
%. K 11%, IASCC OFAICERT 5 I 7 afihk & Ak
OEAER LI LD TH S, FEIRLR T, Ak L7-fRg
BRIz, ZZHESKRTH DX v B 7 ¢ 23R E
IR END AR 5. iz, ARG L0 kS
AU72 H =0 He 2RISUTARMT 2 AletE S 8 %5, He lZDOW

FEFRICIE
JH Fe,Ni O
| M) ()
]

=L EAT
IS ADFE

HEs
(H, HeRF DR

(FIFRA~TEE))
FrETAR
sRmED
&ET
Cr, Mo i@
Ni, Si j21t

of HF

1 IASCC DFAIZBHRT B AT > L AEHD
NEZA=F iE 9 En Y4

[ ]
BRIF o RIL

‘

H1F R AT
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TUEF ¥ ET I AN, TORKERELS T 5@
THdhDHEIN TS, REUE TIERIRUTIR > THEER
TR L DHEIT T B3, Z ORI RATIC X -
TR S Cr N2 Z ENFREZE 2 BTN S,
B 1R LT ED 5 B, IR TOX ¥ ©F 1 Rk & Bk
BRI OMEERE 2K T 885 2 & &, ZhEsbEh o
TEBIRLR A 5 [BERBRT 5 2 L S ATRE T b 2B/ g 3R
Bk O T BN L TR D69,

X 2 1%, KRy ©F 4 O &R REDBIR Z R~
L7=H DT, SUS316 AT L ASHO P T-REEHT & He
A G VBRI O T B BRI kG TN L T BN |
RRBROAEROEZSIH LD TH 5. RIS LTz
X v BT o OWEHESHINT D120 T, 3R Ok ik
i GRER R OWIAMr RS xRk O R 23
BN B H 0, B v BT o OFERASRL 5 %
EZTHRTHDZ EAVREND. 2B, F¥YET 1 DHE
L, HPETIREES & He A AV BREES & HIT 1 nm BE
ThD. —H, BIRx ¥ ©F  OEERE T DRk g
ROMNL, PIETIREE & He A A JREHH TR,
FPEF-BREAL ClE He A A BRSSO 1/10 O FEClR)
HORIFURIIRITE L TN D, Z O, Pt R
IE He A A BB I A0 B O RL S i - it 5 2 B[R]
DEET D Z L AR5, ZONATHIZETD He A 4
PRFHI=IE CITh TR Y, BEFHEFEITIC OV TIE He
A A UM I E A EE T TORWAREMERH D =
LD, BRI v BT ¢ Ok & TR FET A EET S
Z LT, tET-IREET I He A A4V WA C e TR
WHENEE Z 0 By < o o mlREMMS & 5. & T CARIIZE T,
A A UWENC LY SUS316 AT L AR v B
T 1 TERR & FRBFA R RAT 2 B S, £ ORI 5 | iRk
B 2 AU NG [ BRI TR~ T

2. Ak
2.1 {5+

HERR 1L SUS316 AT v L AEHDF = — T TH Y, 4
TTFGEODCHWSL MBI E R U b O TH D, w5 1HE

WL 1I5%MEOMTAEMATERY, PR 30 um
Thd. bz 11237, ~[E 9x3x1 mm® D&

79

IR @He A A+ 1B
100
*
80 | .
S
# 60 ¢
=l © L
# 40 *
= .
20 .
1)
0 Coe g— *>
0 10 20 30 40

BIRX v ©F ¢ OEEE (x10'5 m?2)

X2 RIS OBy NG EFRER 1) 2R U R &
R v BT o 1 O BR

8 8
6%He HRF g
. 6 6 &
g By
= =
oy 4 4 X
& i
B X 2%He i |,
o 1 Q
jun)
0 1 1 1 h O
0 200 400 600 800 1000 1200
wE (nm)
X3 Fe A ANk BMEHEEE He FEARED
s gavii)

FEAROFELZ M TAZ L0 4 EERLL, o 2> BREER
W B 720, AREEE I IR SR S L OV a a2 v
U A (R VT AL OP-U WiwiIR) 12 & 2 8Embies %
it L=,

F7, R RINRERIT 2 42 U S ¥ 5720, TR
BRI ZER RO % T b v U idEgRE VT, 2.8 MeV
D Fe*' A A% 2 HOREHIR LT, ZhEh 450°C &
500°C CHIH L7z, 723, AWFIE CIIIRA T T A (2
T 5728, AR CHUN 21T 5 72. 450°C 35 LUV 500°C
T Fe A A W U723k 2 24084 450Fe #08F L 500Fe
AEHE T 5. RERHE 20— 1 SRIM201300% W TR L
7= Fe A A DS  (HEEE) OWSHofizX 31z
SR 7R, MARIE Fe-17.3Cr-12.5Ni (wt%) & L, JEF0
BEHLMELD LEWZRLX—% 40eV & LCHA

#1 MO (Wt%)

C Si Mn P S

Ni Cr Mo Fe

0.023 0.44 1.67 0.022

0.009

12.51 17.31 2.05 balance
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L7z, Fe A A ORURHEE & BGRIE, Rifi»OHES 1
um F COVEECTENZEI3.6x10*dpals & Sdpa Th 5.

FEWNT, RIFUCF Y BT 1 BB S E 5720, Fe A4
> R A 0RR 2 {1 & AR ORUE 2 2 He £ A %
TR U7z, SEATHFZED L [RIERIC He A A HREHI IR Cf T
W, BRSNS F v BT 4 DSEES | nm FREEOWHIZR D
2D X9l Uiz, 72, HAT D He ® BEERHEIX 2at%

(20,000 appm) & 6at% (60,000 appm) O 2 ZeffE L.
2at%He ORUSTE, RIHMFE 7R FOFENER A HV
T, 450Fe ik} & R OFE 1 >N T T 7. A
S D He ISE DR E JF 1015340 28 LB ARIZ 70 5 &9 1L,
F£9° 320 keV O He' A A &R L, D% 220 keV D
He' A A % [ L7=. SRIM2013 % AN TER L7~ He 2
EDOVRS i %, K3 I/ TORT. ES 500~800 nm
(2317 % He JRFEDY SRIM FHEE T 2at% & 705 K 9
12, 220keV He' A Ao D7 )L A1 2.5%10" jons/cm?,
320keVHe' 1 A D7 x> A 3.7x10% ions/em? & L7-.
723, He A A2 & 2 MU EIER S 500~800 nm (Z4517)
% SRIM FHEAFE T 0.8 dpa TH 5.

6at%He DRI, B TR FHEARFTEBR TR Sl 1
S FARIFZE AT O AR = L — o A 2 RS E 2 VT,
500Fe k& R OREL 1 HIZONTITo72. 2at%He
DOHRST & [FIREIZ, 220 keV He™f A2 & 320 keV He'f A
ZRRET L7228, SE12 220 keV He' A1 A DIBEN 54T 5T
W5, TEE 500~800nm (Z351F 5 He H2HEAS SRIM FHHE
T 6at% & 725 £ 91T, 220 keV He' A A > D7 v
A% 7.9%10% jons/cm?, 320keV He' A A > D7 )L AL
1.2x107jons/cm® & L7=. 7233, He A A2 Xk 2 WREH I
RS 500~800 nm (Z331F % SRIM FHHAE T4 2.7 dpa T
H5.

"2 1A AU BHRBRDO~ MY 7 A% T. AT
I, B IRHEEND ID % 450Fe-2%He, 2%He, 500Fe, 500Fe-
6%He, 3L 06%He & L7=. 723, 500Fe iEH 6at%He
HUR 24T 9 BTOREN T 0 |, RO 5347 FH OFEERR 2 1
BT DERCHN =L D THD.

22 RIROMAESHE =V DB

RIS COMPFHERITIS L O v ©F 4 TR ORI A
FERAHIT 27280, A A R OFRE ) DRIR & & T
IR A A SEFE— AN TR E

(focused ion beam and scanning electron microscope system,
FIB-SEM; HYA T 7 /v v—X NB5000) % AT
TERL, EFEAMEEOITICHE L7z, £/, WRRORH I3k
FA A LS (Gatan B PIPS 691) % /T 0.5~2kV

80
72 A F RO~ N 7R
ok ID Fe A A M4 He A 74 > W5+
. WO =R
M=| . 0,
450Fe-2%He g}g%i : 25 do:: He 2% : 2at%
A BB ;0.8 dpa
wOE =R
2%He el He % : 2at%
M E 0.8 dpa
I 500°C
f
S00Fe BRS¢ 5 dpa 2L
; HOE =R
yE A . o
500Fe-6%He g‘g%ﬁ : zodoac He IRJE : 6at%
AP RS ;2.7 dpa
wOE =R
6%He L He I : 6at%
Mt 2.7 dpa

*Fe A A OWRSEIIFRMEN S | um B S F TOFE,
He A A > DY & BREHEEE 500~800 nm 74 S O,

DAt A F =BT K DA A WEE L, FIB INLEE
IZHASNAHEEZERET D & &b, BT IMEE T
W LTZRENE S L7220 KO ICHRE LT, 7pds, WERURHT
EENDRIIE, BRI ICKR L CE- % HGELEHT

(electron backscatter diffraction, EBSD) JHI%E % 92k L C 7
NP N et Sl By

ML IRAT OO E BRI L, 450Fe-2%He #UkHE 2%He
FBE 36 LU 500Fe 3R B AFEIL U 72 IREEH T DU T,
A A% B8 (scanning transmission electron
microscope, STEM; HiIi/~NA 77 /v v— Xl HD-2700)
& TRV X R ATEEE (energy dispersive X-ray
spectroscopy, EDS; AMETEK ¢ Elite-T) % F\ N C 3 L7-.
7o, KR CORFHLR A RS 5720, 2%He 30k
ARG EIE ) & b FEIRRURE 2 /ER U 7. RS RUBHE DT
RS TN B OS2 728, JEITES 500
nm & 800 nm DRSOV T T o7z,

EDS MIEDEMHILLFO LB & L. £F, Kt
DAFEF B —L B m) & FATICR 5 K 9 IR
B S 7. WIS, BIR2N6 TEEITAIZH50 nm D
FAZ 1 nm RE CTRIE 2TV (BT, 2HRIE STkt
X BRD AT ST U, BLFGEEE D ICEIRE Doy At %
ATz ks, WERIX 10 T TP AfER L, A0
T (FUZR) 2805 nm BAF &7 KO ICRERLE %
HEMHIE L7z, JERERIZOWTIE, KR 25 20nm LA E
BEA LT IE U1 DA ICEOIRE DO EZ R, Zi
BV IRARCE L, ZOERER IR & R &
2% £k RFAAHIE LTz, fiEFIEOFERI DV TR
BB,
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X v BT o OO E I, 450Fe-2%He 7K}, 2%He
B}, 500Fe-6%He 7k, 35 KUY 6%He afkns HERE L 7=
HEIEEUEHZ D\, B E 7 BMEE (transmission electron
microscope, TEM; H N2 HAERTHRL HF-3000) 2 AV C3E0E L
7o RIRSEEED X 7 ki aBlEE L, RSB L= v
BT OER L BE AR, 7eB, KNS bilishiL—7
SEDRBF R HTERE S VTV D28, ARFZE IR AL
L=¥ vy BT 1 ICER L, B LR EDFME AT 7.

23 EBRUNSIEREIER

450Fe-2%He 78, 2%He 70k}, 500Fe-6%He 30k}, 355
O 6%He EHZOWT, K 4 [RTTIRD T v & BRI
Z 1 EE TN R A A4 FIB INTICE Y 1 A9
TR U 7=, G IR O~HEIL 8x4x2 um® TH 5.
AR X 7 afARREIEIC LV R v BT ¢ OIS

PR ING [l A

IENT T X
H—

o » i P=kx

~A 7 ugk
(FREH k)
Y NG | aREER O ]

N | skl

Si K

~A 7 uf
(IFhE$ - k)
BTN BRI OS]

~Afrara—7

(BRI

—
2 mm

81

<FRO LIV fEE (5] : 450Fe-2%He (23317 DT E 500~
800 nm D#FPH) ORI HFERFA OFRICAE L, 2>
SlEEHh S L CHRE L 72D KO ICE LTz, 207z, FIB-
SEM DOZEHRER VT v 7 AT VAL 0B A

PO - AT [ 20
Ferm ™

AT L A

A
A

8 um
4 NG IR F OTAR

AR D A A SRS R
@@ ~A 7 n7u—7% TR TFE

1 R R A L 5 —
(b) GRS — &2 - Fik

5 AU NG [RRER O
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DO—ERETR LT\ D, FTz, wBR A Ol A SRS
N> CTAV v & FIB L TEAL, AV v MEOKIE
8 0.3x2 un? ORI IS AERTH L O IT L.

B INE [3EBRIE, FIB-SEM E{# PN DOELZE )RR
BE FCHEME Lz, ABFZETIEX 5 1RT 2 2OHETR
BRa 92k L7z, 1 DIFERIFENM LT 5, FIB-SEM ZE(EIC
s 3 W ANCEE R/ e~ A 7 17 u—7 % TEhi
ELTIT O 5ERBRCTH Y, 500Fe-6%He #EHE LY
6%He AEHZ DWW T L7z, slBRIGIEDZEMIC W T
BEOVTRT. b9 —ol, vV EREIR S 3ERER
AREIR L& — (ZABYERTERY) 2 AW CEFHRIEEC L -
THIERBR AT O HIETH Y, 450Fe-2%He ikl L
2%He FEHZOWTHEM L=, 5IERBRTRER L 2 —%
FW B BN OWC LRI 5. 7238, fif
FERELSNORBRTFNELE—Th v, SRERTIER TR
BRI DR,

FIERBAREI RV —1T, v~ /A —F—2 kD X
e (5 19REE5 ) 12 3 mm OFENE & v BRENC X
2% X 7430 um B X VY, Z #ili571A1+15 pm OffEhEk A
AL, EHENC K DM IMEBEERA TR Ch 5. T,
R Dz~ A 7 a RORRALEIC S T AT K
BHCHEE L. ~A 27 aiT Si BfEiuiRkC FIB T CE
BRI 7211 225577 um® OWIRREELRL T, 2SR EH B
/N SERBREE () A 7 2 ENT2100) % VT 540
N/m ERELTWD. 72k, v~ 7 a7 a—7IC L5555k
HERCII AR EE 600 N'm O~ A 7 2P adH L. &
12, BER T DA A SR R L 2 — O EREA Si AKLZ FIB hN
TCERL U7 MIERI S [ T D, DI Y v T AT 7R
FECHEEL, 20nm/s OFEE THRENMA Si 4 B 5(b) DA 7
MBI L, BB M 5 F T5 iR E FEh L7,
IR DR O LA E 7 BHINEE (scanning electron
microscope, SEM) 1%, 640x480 &' /L (15.84x11.88 um)
DFFRAGE TR 20 2~ OBEE THAE L, 38R OIRE

82

{b&~A 7 aRoE N & iek Uic. SR IZ0D D L,
~A T RROBENL L SRERD HRIEHIERRIZEE DN T
AR L7, ek, ARBRICEIT D SEM B ZEM o fiFhelx
25nm TH Y, vA 7 a ROEMNOREB SN SHED
fitfElE 13 UN (540 N'mx25 nm) CTH 5. ki, w4
SEM (Carl Zeiss ! ULTRASS BXOHNANA TV /ay
—XBLSU-70) THIZEL, SHICHERA % FIB INTIC LY

il U Ol 2 TEM Cilgs U CRlE S Eh A5~ 7=

3. HEE

3.1 HIFROMRS T E = Y oiREiERSE
3.1 BIFURHT

ARIHFEL 450Fe-2%He 7k}, 2%He 58}, 33 JUV500Fe
HBIORIFITEIC 31T % Fe, Cr, Ni, Mn, Si, Mo, P D4y
HizlX 6 1T, 7pds, WEEEIOE XY, kA STEM
TEBHERZE LB ORI R D = b T 2 D2 D5 FE
L TRY, A A HEEC LYK 30nm ([ZFHE L=, K
FHEREFCIE, KRG T Cr & Mo Dk, Fe & Ni DK
RO OI. AT LR TIIIN TEVLIRSIRZ L0
Cr=° Mo SRR T L L TV DA 0 62 HRlE T
OFLPRZAE S FIHRHT & 5 2 5D . 450Fe-2%He 7k}
& 500Fe 3UEFCIL, RIRUTEE T Fe & Cr DR Z I L ONNI
& Si OPMEDFED B, BUREFHERTIC K DRSS D
PAL R SN Te. Fio, RIFTEICR® iz Mo @
WIHRHT BN L THBY, MnlZOoWTHRATETOX
ZORDO BT, —F7, 2%He iEFCIE, RIBHZEE R
FRORIITHT Cr & Mo OFENRFRD Hivlz. =i
FEl A RS T1T > 72 He A AV RIS TIE, BRI
BERBEFFERITIIAE LTV RN LRS-,
450Fe-2%He £t L 500Fe-6%He #EHCIL Fe A A Fabt

%3 STEM-EDS HIEIZ X 2RI FSREARL & B FURAT B 0D S B

RLAALRL (W)

T i (wi%)

B ID éflf) _ ‘ ' '
Si Mn P Ni Cr Mo Fe Si Mn P Ni Cr Mo Fe
A BRI - 0.43 1.77 0.13 1065 20.14 648 6040 -0.01  0.10 0.12  -1.86 282 443 5.61
450Fe- 500 097 080 005 1759 1463 185 6412 053  -087 004 508 269 -0.20 1.89
2%He 800 152 090 070 2002 1435 141  61.09 107 -0.77  0.68 749 2295  -0.63  -4.90
500 0.47 146 0.00 1201 1971 396 6239 003 -021 000 -049 238 1.91 3.63
0

e 800 0.46 1.61 0.15 1155 1955 636 6032 002 -006 015 -096 222 431 5.68
500 271 0.56 024 29.60 835 135 5719 227 111 022 1710 -897 -0.70  -881
0ot 800 2.81 034 000 2723 971 088  60.03 237 -133 001 1472 -8.60 117 -598
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%2 He A A 2 MRET L TWAD, %D He A A2 HEST
VIRTEED Fe A A L MBI X DRiIFURIT 2 K& < IniEd 5
ZElE D EHEER SIS,

33

R X 800 nm (& CHIE L7 AU O e E 510 b,
R E 500 nm (7 CHIE L7sfEd S FRED L O TH - 7=,
A ABE DRI AN IE TORBL & 7NV 7 #iR% & D725 TrERE

FEITHR
oFe oCr
80
o F & e
S
3
40
i
550 -40 =30 20 -10 0 10 20 30 40 50 250 -40 -30 -20 -10 0 10 20 30 40 50
RIAR 2> 5 ORFEE (nm) R 25 OFFEE (nm)
(a) RIH (EBJE X : 31 nm)
80 8
e s o
60 6
S s
z z
= 40 | o4
icd i
£ £
20 t 2k
0 R e R e e R s 0 RIS s S el
50 -40 -30 20 -10 0 10 20 30 40 50 50 -40 =30 20 -10 0 10 20 30 40 50
B & OFEE (nm) B2 5 OFEEE (nm)
(b) 450Fe-2%He (HPFIE S : 21 nm)
80 8
60 | o hag _ 6
S S
E E
=40 4
i =
£ =
2
0

50 -40 30 20 -10 0
RS O (nm)

10 20 30 40 50

(c) 2%He (GHRRE X

80

o MW

40

B m:«:j(b-c:

[0 ccescaceancencentiescacataat e fetasteqqacanast e * Coeqanorareataseaatiasaras et et cascaes)
-50 -40 -30 -20 -10 0 10 20 30 40 50
KLS 7 & O (nm)

B (Wt%)

50 440 30 20 -10 0 10 20 30 40 50
KRB O (nm)
: 31 nm)

HBeEE (wt%)

-50 -40 -30 -20 -10 O 10 20 30 40 50
RIS S OFEHEE (nm)

(d) 500Fe (R X :22nm)
6 KIFGITEE D Te RIS A
FEEREHZ DU TR & 500 nm L& COMRIERE SR, HIRE S I3 ENL & COFHMhE.
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U7 fmir a2 3 1 on g, IBEREHZ WL, 3R E 500
nm (7{E L VRS 800 nm (LE CRIAHRLAI T OE 38
D BTN, WTHORS T—E L TURITAEA TV HH
MIERRD BRds- 7=, £z, Fe SO TFHEIT OV T,
RS L DIRME T WL OFPHNTH Y, RS 500
nm {ZE & RS 800 nm (LE CORFHLDOZTTH D
DAL EZ b, £, PICOWTIE, KA
D HNLYE LR LINRWIGE DN T DR I TE
D, IZO2EXNKREVICHETHD. Fe A4 OIRHEIL
i

500 T

800 ——

v
S
(nm)

B
Kifi

500 T

(l’lm) s - "L 3

(c) 500Fe-6%He k)

84

RS 500 nm & 800 nm TEALE4IL S5 dpa & 7dpa TH Y,
5 dpa DL CIEMBHFERLRITIC X DRSO ZE Ic Kk &
RETIRNEEZBND. Fe A A VBRI X DRIRAT
1L, 450°C FRETIL Fe 1 - 2~5%, Cr:-3%, Ni:5~
7%, Si: 1% T v, 500°C H Cld Fe: -6~9%, Cr:-9%,
Ni : 15~17%, Si: 2% Tdh-7-.

3.12 RRF¥Y BT 4 O

FrET 4D
BB

(b) 2%He 3+

(d) 6%He 38t

7 A A BRIR ORI OWITE 3 2 vk
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450Fe-2%He #8E, 2%He 30k}, 500Fe-6%He 30k}, 54
N 6%He BRI FGELFOWTE X 7 2k X 7 12~
7283, RS A R R 2N TR BBl C T v — T o —
T AGMETHREE LT-E S CTh 5. 450Fe-2%He kL
2%He Bl 38 XN 500Fe-6%He KN CIIIE S 500~800
nm OFPAIZ, 6%He K CIEES 650~900 nm OFHHIZ
Ty BT 4 DNEITER LTV D Z L HER ST,

450Fe-2%He 7Bt & 2%He 30BN CIE, B & RIS l_ﬁé
1 nm FEE ORI v BT OIZDRERD Dz, HS
500~800 nm (231 DRIAF v BT o @ﬁ&f (*ﬂ?@ﬁ
NIHFEH T2 DX+ T 4 DFTER) 1, 450Fe-2%He
BN Y 46108 m? TH Y, 2%He il CTIrI L)
3.0x105m? Tdh o7z, —J, 500Fe-6%He il & 6%He it
BECIE, FHHERFUCER 1~10 nm DO v ©F ¢ DK

DB BT, JEATIFFED Tl 6at%He DIRST 217> T
LS 1 nm ORGHZRF ¥ B o« LIVERR SR o 7203,
AMFFETITIEATHFIED He A A R O L —1%
75 keV & 190 keV THiti) (ZHA~TEW IR R L F—
ERALTEY, ZORET 6at%He DRI CTF ¥ £
4 BRELSKE Lz EHEI SN, v B 7 ¢ OEENR
% &, FATHIZETOR0 2at%He WRSTHS & DB REEI AN HE L
W2 E DD, AHFSE Tl 500Fe-6%He 7kl & 6%He tiEHT

DOUWTITRIRFR v ©F 1 OEBE TG L TR0,

3.2 EBRUNSIEREER

450Fe-2%He st O#ERY N [5E5R D SEM 1444 8 12
TR B 2.7 um (FTEE 1,450 uN) (253 U7 B CRllin
DT L, AR O] B A BRBRES O RS 0.65 um? ThR
L RO TZAFIGNINL 2,220MPa Th o7z, F7z, X 5(a)

VR LTAR OO R & CREAT L 72 3BRES DI N T 5% C
dofo. W ORBIRF O E & ARG, I8 X%
OB & AT 4 127 F. 500Fe-6%He ikl X
Y 6%He 5UEHCI, EWTIREO IS 7713 450Fe-2%He 7k L
O 2%He #ELOK 13 TH Y, [HOBFRD LM o7z,
7k, RBREOFE S SEM g0 &8 A 4 o B

(scanning ion microscope, SIM) {£C 15 ¥°7 & /LHitk TH
L=, ORISR (1 7 L OZBUICHEY 5
) 1L5~6%Th 5.

BBt D~ A 27 1 A OFER 7l O SEM B2 X9 12
7RT. 450Fe-2%He #0EHS £ OV 2%He #UEFCIE, #BRERIT
HIK A BITE Y, A AT rm;ﬁ@ﬁ%mz LTl \7175:
450Fe-2%He FUEFCIIAE A O — EBIZ FE A LR 20305 238
W HHT-. 500Fe-6%He iEHS otU 6%He .ﬁﬂf , aft..%ﬁ
ERIAL DAV TN TIE & A RO BT, BT ZIE A

85
D TH T, 2 b ORBRAE, KU - THEtEr)
(R L7z L HESR &7z, 7z, KIS IE~10 nm FREED

PEARZR MM DSFRD B AL, BIFUTTERL L T2 % ¥ B ¢ & HER
SNz, 6%He BUEFOREH CTIL, HEZ2MNMA388 Stz
FERTO—E TR L 5 R b 2D B AL, KR O* v
BT o FEIAMAOCCIEM AN A U 72 & 35 2 BTz, ik
WZFRWD B AVT- REVERI AR U 7= B A i Wi AL 5 D 5
HERIL 1%L FTH o7,
450Fe-2%He 7kt & 500Fe-6%He 70kl 35 LN 6%He ik
BHZOWT, B % FIB N CHFE L, Brimo 7 v
FH#k A TEM B2 L7=. 7235, 450Fe-2%He stEHZ oW\ TC
U, BT ZRR D & 7 FER - 22 5 4 O Wi 3 BlEE T &
5 X ERER T A2 WYL L 72, 450Fe-2%He 78k E 500Fe-
6%He FABtOWrE I 7 v ik x4 10 (TR, ek, X7

(a) FBRRAT

(b) FERH

(c) BRE
8 UG BB D SEM 14
(450Fe-2%He 7}

K4 R OT SRAERE

" ey ey o
BEHID e ) RSP (MPR) (%)
450Fe-2%He 1,450 2,220 6
2%He 1,370 1,930 5
500Fe-6%He 610 730 N.D.
6%He 490 630 N.D.
ND.: HODIIHE (5~6%) Al
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HEEIC K D7EE, B M?ﬁi WZFBE BV IEMHRIZFI 3
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STEM/EDS Jt&~ » 7 IZx4 5
BREE 2R\ 7 A 2FHEORZ
— B FHREH LR A ~0DEH—

Development of a Method for Extraction Solute Atom Clusters
from STEM/EDS Elemental Maps Using Machine-Learning
-Application for an Electron-Irradiation RPV steel-

AT &7 (Yuuki Maeda) *1 jJF 55  (Katsuhiko Fujii) *1
W= {-H  (Hitoshi Seto) *2, &4+ HBF=  (Koji Fukuya) 1

EH B E A TS STEMWI AR L 7o L ¥ —43 B8 X 3y L5 @ (EDS) & W T
BoNaHz~ v TOLIEERF 7 7 AR B EFBHNCHIE T 572012, #ilid 0 HgeEE k% H
Wiz A2 IHEZRR Lz, B LI FEZT Cu g HE (0.16wt%Cu) 1A 2R OB+
BRI L, 7 b a7 r—7 (APT) JHIE & hHfE R % ifg L7=. STEM/EDS & APT CTZ
2B DFFEEIT L L B L, AFEEZTND Z & T STEM/EDS 7% APT &[R4 (2% TR R SH44
DY T AFOMHNTRETH S Z & NHER ST

F—0—F  WEEFI TAY, FFFRGRE, EFHRE, STEM/EDS, MY

Abstract To extract solute atom clusters objectively from elemental maps obtained using a scanning
transmission electron microscope (STEM) equipped with an energy-dispersed X-ray spectroscopy (EDS)
instrument, a method using supervised machine learning was developed. The method was applied on
STEM/EDS elemental maps of an electron-irradiated, medium-Cu-content (0.16wt%Cu) reactor pressure
vessel (RPV) steel. Based on the comparison of the results of STEM/EDS and atom probe tomography (APT)
measurements, the number densities of solute atom clusters were seen to be of the same order. It was
confirmed that the developed method using STEM/EDS can extract number densities of solute atom clusters

90

in the electron-irradiated RPV steel equivalent to those densities obtained by APT.

Keywords  solute atom cluster, reactor pressure vessel steel, electron irradiation, STEM/EDS, machine learning

1. [TCHIC

BRI D SR 4R 7545 D BN e b X e m iR i b S5
D—2Th 5. BHEDHIFEI G, FREMa Lo IR A1
FEGHPE S IR AZREA D < 7 RS EIC R LTy
BHZERHBEMNE T2 TWNADO L7 IREFIZE S (RFE
M78 2 7 m MR L & LB — 7SO R O
BIRTH DLV 7 AKX DI, RIFTO U > OfFHT
RENEFOND. FCEER T2 7 A2, RO
FIRDN Y v L B — G BR O S FGR L OB T & & i3
LT ENHESINTEYO, B Lo TERO—oLE
ZHNTWD IWEIRT-7 7 A X OFHMICIET h A7 r—
=" (atom probe tomography, APT) JIEEAHVHALD Z &
2 EREBA 21X U & Litkka 27 — 2 DNEE SN
TWNBO0), BiFTo AL TN JEAC4201912 8\ T h
APT CHUS LILIREIR 7 7 AZ OFT =2 BHACHRT

k1 () /a7 DT Bdiis 27 201558

* 2 HARZIREBZEEA S BLRSLGE ~L /)

BY, APT (X7 T AZFHEOFHEL 7o > TN D, ZD—J5F
T, APT JIEIZIXE BEDE—Th DAL (B 21X >Fe,
BNi) ZXGIT 25 EMTERNI LR, 7T AFHD Fe
DIFAED LD R DT —T 4 77 7 MFET H Z &
MNHEEE LTHET o270, L 0EHEEDO@\NT F 2K
AHIICIE APT JIE 72 T < B DBIE Jid A VTR
BIRAT T AZETHIT D 2 ENEETHS.

WA, AEEMFEIE T BHMET (scanning-transmission
electron microscopy, STEM) |+ L 72 = /L — 451 X
BTSSR (energy-dispersed X ray spectroscopy, EDS) (D3
LU MAERER) B L D, STEM/EDS HIEIZ X IR -7
T AL DEEEMNFHEC 72> T 5. STEM/EDS Tid APT
LS U CTIAWREF CRIZSCEX 5 Z L0t R it 7 7
AL ONEBRERGT A LN TE D &, Bk %
FIRFIZHH TE D L Wo L RE N H L. DD,
STEM/EDS COIHEIRT7 7 2 % OBIET APT DfEHR %
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WRES 2720 Tl <, 7 7 A X OO ad 5 9 2
THLHHATHD EEZBND. UL, STEM/EDS #IliET
BonaHE~ vy TG T AL BRI D Tk
SNTELT, MEIZ L > TRHMEFIEN 72 5 ORBURT
I 5000 AFFETIL, STEM/EDS T~ v 7 LIRS
7oA T AR B ERmINCEHIT 2 Tk E LTS %
FAWT=TFEZBISE Uz, ZOTFEE2E RIS U7z R
? Cu EAE (0.16 wt% Cu) DOJFFFA 2~ L,
APT & HliHHG 52 el U C 2 o M 2 R L 7=

2. =ER
2.1 HEM - EFREH

AT Cu EA R (0.16 wt%Cu) DJFF-1PZE gl
AS33B i CH 5. HEM OB E R | 1TRT. IR
1%5 MeV OEFHRICE Y, FRFHEEIX 290+£5°C TiTHiL
7o, MR 2~3 < 10 dpas, e RIREHEIE 0.022 dpa T
b5, BESREOFEMIEERO L0 TH DD,

22 S/ 0%
2.2.1 STEM/EDSHIE

R A A4 v — 24 (focused ion beam, FIB) N T35 % H
WCEFBRIBRM N~ 7 a7 7L, TEM ik
BHEERI L=, ZoL &, TEM iREIOE F-RAS TR
FEEROO TN —Ed % & 5 12T L7=. FIB T 300nm
FREEE T L L= BIZ, KR ¥—Ar £ 423
Y7 INTE#EE (PIPS-IL Gatan) Cff: RiF7-. Ar A Ao B —
L ONHAE TR OREIZIZS T 1KV, 03kV,0.1kV &
Bl hE < L.

STEM/EDS #IiE I iX s ikt TEM(JEM-F200, JEOL)
248 L7z EDS #ithi#s (JED-2300T,JEOL) % VM=, i
WEEIEIEL 200kV & L7z, STEM/EDS e~ v 7 OJIEHHE
183512 x512 pixel & L, & EFEE % @D 5 72812 2%2 pixel
DK% 1 pixel & L CHERT 2 Z & TER~ v 7 &
L7 i~ v 7% 256x256 pixel TH Y, 1 pixel H7=
DOREX1X027nm THS. EEAMN & BIEREMGZ X ¢ 7
7 7 4 —EWERIA L, B ONRIRIE 58.3 nm & G
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.
2.2.2 APTHIE

FIB S T4E{& (NB5000, HITACHI) %I L CHE R
Mo~ 7 a B AR LTz, ~A 7 aille Wil
D=— FIUZETE LDz, 0B FE S ERRIC Ga A
A= L EEREIE D 2 L TR 100 nm FE
FEDFRROFRENAL EF 72 BB X A=V E/ NS5
72U, A RPN TICIARINER D Ga A A2 B — L%
Mz, APT HITELE, H ARSI 5E B M O F il it
SRR 508 A O B IR N IZ & 5 @R AL BT =
APT 35 (LEAP3000XHR, CAMECA) % vy, L—4—
IV AE— R 707, sBRREEIZ-238°C, /3L A JEEHL
1£200kHz & L7-. 50727 —4 O z DOE S % i
{4 % 72 ¥ Evaporation Field = 30.0 V/nm & TImage
Compression Factor = 1.65 ZHW\TT h A~ 7 ZAFR L
7.

7 b AT e =T E R u#EE b SIS nE O A R
ET D, JRTIRARSRIOLE, & 58 O Fe & Ni 23FH
—OE BB E SO, EEE S8 ITHY T L0
FEHEARET D 2 LT TERV. 2L T OFHIFARL E T~
LA XN FIELE N O e R BT D FIEN E S
DM, 7T ARD XD 7R R EE A TR D56
IR CTH D, Limni-> T, KRR TITEER 58 ©
LR E L TR F- 7.

3. STEM/EDSTTH®I Y THhibMD
AP EE [

STEM/EDS Tt~ v 7 INOIREE T2 T A X & E 8
(AT 2 72 DIC Bl & B B B DO—FECTh D k T
375 (k-nearest neighbor algorithm, k-NN) % U 7= 4l T
EARPHFE LTz, k-NN 30 BERMEEfE < 720 Ok 815
THY, X1 DX IKAT — X 0T HHERZ 200
Z2[#] L OFRBEANTHE LT k DO ROZEIR TRIET D F
ETHLHO. K ClE=2—2 U v N T —#
OITHMEAFHIE L7z, kNN 2 V72 Z 2 2 ofhiti ik
DOFNEZ LA FIZRT.

1 MEMOEER (wi%)

C Si Mn P S

Ni Cr Mo Cu Fe

0.17 0.29 1.45 0.011  0.017

0.55 0.11 0.50 0.16 Bal.
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(@ TRy TDOHE—~O7 T AZNEGEEND L) 72
WA 0 #< .

(b) V10 NI DWW THE E BB~ R Y 7 A
I FAEZDELLIZET D EFHIE D EET S.
(c) BB~y TR 1 OH TV T 7 4 VE

SHTEE~Y Yy TOY T BIEERIALS, 7T AF
~ N 7 ZADHERERZ B E L2 kNN O
REAERRT B, Teds, RofEA 7Y =7 MRk I3E

BMEIZ L > THIET S,

(d) kNN Z AW TER~ v 7OEREERIC OV T< R Y
I AT TAEDEEEL, B~y 7 ekE _fiifk
T5.

() MEfLLI=BE~Y Yy T METAZAF Y LD T
SIAHTEATVN Y T A X OEMEMT 5. 77 2%
DO OBHE & LT Nain ZFXE LT Nuin LLF DY T A
B DRI AR D & L B 7p T,

(O 7 7 AR EFEMBRHOERNDE L DT T AHL
EEEFEHET D, 77 AXERdguster (37 7 AXE
FNDET EAEN D DU FORXTRES NS,

N...
prlrxel ] (1)

dtuster = Apixel

apixelli 17 BLHEYDESTHA.

FRATICIZ 7 "0 7T X 7S5k Python 3 EHEMKEE O
ZA4 77 Y T b Scikit-learn % AV 7.

4. ¥R
4.1 STEM/EDSHIE

STEM/EDS #I7E % i L 7= Sk O F#HE T B 2K 2 12,
STEM/EDS JIiE TR LNIZER~ v 7B LU 3 fitlt
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2 WEREMOZIRE 4

AT E O T — ZERUCAE R LTz 3 DD
PEE X 3 IR B0 - FEIR O K & S1E 15 x 15 pixel
ThDH. GI0IRNZBHEEIZHOWT Fe &7 T 2 X DIEK
DHHPECH S Mn, Ni, Cu OOFiE IR~ Y 7 20T Z
AR EHE Uiz, il & LTk 3 oo~ v 7 & HIERS
RE 4IORT. HIEMREZHAT—4 & LI kNN 12X
STIR~y T &% kL, 77 AX &M L. 728,
B4 7 U7 MK IR EREICED k=5 & L=
7T ZAZ O E 7 VI OBME Nuin 1% APT D2 5 A X
OB/ INE A 5% 20 & L7- & S ITHE SN AR/ NEE
0.99nm & AHHET Nun=10 E¥EL7Z. X5 X fEEL
Tt~y S 7 T AR LTIERERTHY, 7 T A%
DERYEEETL L S5O T AL MBS, 7
T AR ORBEEE, 20108 m? LEME SN, 7T A ZIC
BENDE T BIVE Noa D32 6 17T (DD S
Kx DY TALOEEEZFRL, FHELIL 1.5 nm &3
flisiiz. 723, 1 EZ7 BB Y DR Sapige (% 0.27nm
Ths.

4.2 APTHIFE

APTHIETHEONTZT o~ v 7O—fl% K 7 1277
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BBV INRBR BN Ultra—micro Tensile test system for Crack Tip
(UTCT) DA%

Development of the Ultra-micro Tensile test system for Crack Tip (UTCT)

WESE  $57% (Katsuhiko Fujii) ~ Bfi5 B3/~ (Yusuke Noshi)  Bif f&7 (Yuuki Maeda) '

BH SEEEN (SC0) DFgd: LR ORI
TR TREEEE TS (STEM) Bi%2 -

system for Crack Tip; UTCT) Z#BHF L7-.
F—0—F sccaikio

M C, SCCAZLMRmIZEIRIGNEINZ

Aﬁ’ﬁ:;’ékﬁ'éi& (Ultra—micro Tensile test

I 7 v iRk, STEM N5|9EER, SEM-TKD

Abstract To elucidate the mechanism of stress corrosion cracking (SCC) initiation and propagation, an Ultra-
micro Tensile test system for Crack Tip (UTCT) was developed to observe and analyze SCC crack tips with
a scanning transmission electron microscope (STEM) under tensile stress.

Keywords  SCC crack tip microstructure, tensile testing in STEM, SEM-TKD.

1. [FL®HIC

FIR K OIS R E N (stress corrosion
cracking, SCC) DFEELHERTIE, KiZLDERE
FIRIGC L 20T HNREET D, SCCHAR SCC i

R b, RITHE O BRI OMARORL D 2L
IRFFEND B OND T8, BREMMEZT~D Z
LCHBROREBIIHET2MAIIR/L ZLENAETH
HLEZLNDTY. UL, L OTROEEC
WTIE, BRICHTEDBBRESNTWD 720, %E@L@
B 1 B $% (scanning transmission electron
microscope, STEM) % CRZEILHHD T ) A — LA
— VT & SRS D BB CIEE O BT T & T,
R T2 2 BESEmOREEZD Z LT TE R,
D78, SCC ARSI HIRIG T &N A TR T
STEMBIZE - S3#T &2 F2hti 92 FIEBBE L 70D, Tk
TIZ, AR C O, D% D@57 E134Th
NTWNDA, SCCBZULIIZIIT DBEHIT2. £
ZT, AWIETIZS /A — bR —/ L THAE) AT RE
72 STEM WB[8RAR/LZ —% AT, SCC Azt ofi
k2 BLEL L7y BN iR iR Ze J7 ik (Ultra-
micro Tensile test system for Crack Tip; UTCT)
ERAF LY.

M1 B R ALEy AT DGR Bl 27 LFFERT

2. B#uhaEEEMUItra-micro Tensile
test system for Crack Tip (UTCT)

21 avEFFHk

UTCT ZBAFT 2I12H 720, ROIH & A2k
FHICRE L.
(1) EE® scca@mny 7Y v 7
(2) SCC 2L D Wb
(3) AR SCC ANk D STEM 152 - T
(4) SCC BEI~DET— F I DA
(5) AfFEBFED SCC FZdSeim D STEM 152
(6) AfTHIHE D SEM-TKD I
72%5. SEM-TKD 3= 8 - WA — 125 i 4 i [ 7
(scanning electron microscope - transmission

Kikuchi diffraction) T& 5,

2.2 EREhHEIE

B A4 ¥ —2A (focused ion beam, FIB) i T2
& (HITACHI %4 NB5000) & STEM (HITACHI 4 HD2700)
CTHAFRERGIER L Z — (SANYU B4 Y PF ) @
ZEREIEEAE & LTz,

FIEARNZ—I1X X/Y/Z O 3 BhOMEERE & X T
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73, RS2 S aUE OALEIXUTCTEE & Ol
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THa/NEL, ERGIREITEESHE S Z L1272 5.
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2 UTCT %:{& DA ER

Cracktip
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® Electron beam direction

2.5 ARBREOSCCER I LiHDSTENEE

BI3IZSTEMIN C DBV | BRRBR O 5 R DBl 22 7= 3.
BT R4 OO UTCTHEE D FL 47 # O STEM/SEM & 7= L 7.
F 7o, AT, KBIZR L= At OBk i O STEM/TE
%R UTe. BRENEAEIZ X 0 STEMAN TR/ N 3Rk
W Uiz, 7272 L, UTCTHEE DA & BREhfih & o
MHEDEODT R TNG, BB IZh3 2 7eh
FRIEAER L CRB T 0B S (K3, 40 F
) BN EE LizT-8, B umsal TENARAEL,
BRLEORNY, KADO X REEZELTLEE XD
nn. 5tk BRERHSOM TEEOR ERNETHDH 2
EWG ot

X512 B faf 14 D BZL i O STEMBI SR FE SR & k9. X1
LRIV OBILOBRIZFE L TH Y, AR E Y
FTOBL L TOZRWRIFITFEEL W ineEEZ S



INSS JOURNAL Vol.

200kV x1.8k SE

200kV x1.8k SE

(2) Atk
3 AR O UTCT 2&{E D R/ATHE OB

=

)

200kV x10.0k TE 3.00um

X 4 Efuitk OFRER > STEM/TE 1

na. 72720, K1IOSTIM/TEE TREH BTk o =
¥ b7 A MIRD LR, TS N s
BLIZ T, fiRoary b7 2 F2SFHBI LEEL 725
Tele&BEZLND. 2B, RO N T X FHBE
Z T FEIIEKI300 nmTdH > 7.

BATRTOSTEME: & FERIC LRl U 7= FE 5, 20 0% i

32 2025 NT-5 101

[ B O
150nm

200kV %200k TE

200KV x200k ZC 150nm
@) 2

X 5 At D SCC ER D STME #2355 5
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L, BEEROBGE OMESE & R+ 53 B TH
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2.6 B TIET%OSEM-TKD:RIE

UTCT Tl BRSO R UICE— N T OAfR & T
THBAT 2 Z L A HINMERFHLE LTS 70, B
& AR & DR T AL BELR A TR L CRBR & v
5452 &3#E L. 2 2 C, SEM-TKDJIE & W C,
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Numerical Simulation for Impinged Penetration Flow at a T-Junction

=4f HL—  (Koji Miyoshi) *1

B T TEOSEERARGRENCR T S WSRO WREAR 2RI, R K OUE A
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F—0—F PRy, TTHE, WZERE, KEal—ia, BMmER

Abstract This study investigates the influence of temperature and pressure on the heat transfer coefficient
near the inner surface of the branch pipe, focusing on the flow pattern of impinging penetration in the mixing
region of hot and cold water in a T-junction. To evaluate the thermal fatigue of the branch pipe caused by the
penetration, the characteristics of the heat transfer coefficient near the inner surface along the branch pipe
axis from the corner of the junction were clarified through numerical simulation. In the numerical simulation,
unsteady calculations were performed using fluid-structure thermal coupled analysis, including the main and
branch pipes. The heat transfer coefficient on the branch pipe was determined using the fluid temperature
near the wall and the pipe inner surface temperature, based on the power spectrum method. The results showed
that under high-temperature and high-pressure conditions, the near-wall velocity increased, leading to an
enhancement of the heat transfer coefficient, with a maximum increase ratio of 2.3. A predictive correlation
was also proposed to estimate the heat transfer coefficient near the corner of the junction. Since the heat
transfer coefficient tends to decrease upstream from the junction, the proposed correlation enables a
conservative fatigue assessment on the inner surface of the branch pipe.

Keywords  Thermal fatigue, T-junction, Impinged penetration, Numerical simulation, Heat transfer coefficient
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Analysis based on Ohi unit 3 emergency exercise scenario of

Kansai Electric Power Co., Inc. held in FY 2023

G A (Ikuo Kawasaki) *1 @A %5 (Toshiya Takaki) *!

FEA 3t (Atsushi Fujimoto) *2

B 2023 IS, BVEE KRR ERT 3 5L SEIRES T U A RREHH & LT MAAP fifhr & it
L7z, BRIOTF U AT, 1 [AHORLHEREREAERITT 7T b~F P A MREOEN
WLV FELEENERETE 72 b 00, 2 [l A OSBRI ERITT 7T b~V AL b
RMNFERE T & PPN FEA U, R T-IP AR, M ssh s e B, #as s il
FAESD 2 fFHTRETHE WV D THD. MAAP MRITORETR, —H> TV A 237 LAV &R
WZOWTCIREEfRT 2 i L, TOMREA2KB L T 23 L, > U ANt 5 2 & &
PR L2, MRENTAE SR OB YRR OV T, KRER 3 B4 & A UARIT 4o Crile 3 B Ol 2 5
ML, EATREROREEFERLZ. TOME, 772 MNEFAOBKFOENTEY 2 [ HOLLZ
IR LI DFENT NS ZER B A%, 7T v MEENI R —E L TBY, AE Ok A%
BTHDHZ L aEl L.

F—D—F BsSEh, 727 oF v b= AL N, F U AR, MAAP

Abstract A MAAP analysis was conducted as part of Ohi unit 3 emergency exercise scenario consideration
of Kansai Electric Power Co., Inc. held in FY 2023. In this scenario, after the first server-room blackout, the
implementation of accident management measures successfully prevented core damage. However, after the
second server-room blackout, the accident management measures could not be implemented, resulting in core
damage, reactor vessel failure, reaching the maximum allowable pressure of the containment vessel, and
eventually reaching twice the maximum allowable pressure of the containment vessel. As a result of the
MAAP analysis, sensitivity analyses were conducted on certain scenarios that did not hold true, and the results
were reflected in a re-analysis to confirm that the scenarios were valid. Regarding the validation of the
analysis results, we conducted an analysis of Takahama Unit 3 under the same conditions as for Ohi Unit 3
and compared the analysis results. As a result, differences were observed in the analysis times after the second
server-room blackout due to variations in the plant-specific design; however, the plant behavior was generally
consistent, confirming the validity of the current analysis results.

Keywords emergency exercise, accident management, scenario analysis, MAAP (Modular Accident Analysis Program)
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COBRA-EN O 7 1 A 7 a—FEF )L DS}

Evaluation of Cross Flow Models in COBRA-EN

P {% " (Koji Nishida) =~ P fEAES (Seitaro Sakurai)

BH VT F v REN 22— F COBRA-EN D7 1 X7 u—E5 )L &, JE/]7MPa lZ31F 5 3x3
HFEAR, F7) 16 MPa I231F % 4X4 %/\ﬁm:»—fa PA K, 4’/+ BT F v RO
HWE, 7407 0 OHEIEEZ HOCHE L., FHEMER 7 MPa lZBIF 2 a—F—%7F v R
OEEEFE QR EM AW/ NG, 74 Y 7« Of| nefﬁ%ﬁjtmﬂﬁ L. F7aH5EIE 16 MPa 2k
5 a—F—%T7F v FVOEEEE AL TENGHET 5, YA 8, £ —0-EEEE, 7
AV T 4 OFFMITREM & iR —F Lz, RA FRY 7 bR REERIRE T 5 k%/i,
KA RRY 7 MeEEERA F+®Bﬁi@&& u‘_f‘/r FRYU 7 FE5 /1% COBRA-EN ([CFEEE L. &R
A RRYZ METAOEECELY, TMPaIZB TS a—F—VT7F ¥ U R VOEEFE, 72“)7
+ OFFHEAMAH Mﬁ“_ﬁou\t. 16MPa iZB1FDa—F—, 14 K, £ v F—FTF¥ o H1D
EEHE, 74V T o OFFEMEILEER & RS BT, a—F—V T F ¥ RV OE B
EET/ NI 528, R L PIEMITROE — ST 5 LA L.

F—0—F  BEMESHE, V7T VRN, JrATe—, HERE, 74V T 4, RA KKV TR

Abstract The cross flow model of the subchannel analysis code COBRA-EN was evaluated using measured
mass velocities and qualities of the corner, side, and center subchannels of a 3 x 3 assembly at 7 MPa and a
4 x 4 assembly at 16 MPa. The computed values underestimated for the mass velocity and overestimated for
the quality of the corner subchannel at 7 MPa. The computed values slightly underestimated for the mass
velocity of the corner subchannel at 16 MPa, but the computed qualities were relatively consistent with the
measured values. Considering that the void drift depends on the flow pattern, the void drift coefficient as a
function of void fraction was incorporated into COBRA-EN. With the implementation of the void drift model,
the computed mass velocities and qualities at the corner, side, and center at 7 MPa showed better estimation
of the measured values, and the computed mass velocities and qualities at the corner, side, and center at 16
MPa did not differ significantly from those before implementation and agreed relatively well.

Keywords  fuel bundle, subchannel analysis, cross flow, mass velocity, quality, void drift
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BN AW, iR (CFD) =— K FLUENT ZfEH L, ShEREANOZES & 22K
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BE win PEEREBVE R g IS RITTHBATHT L, #Y7% g OMERMBEREZREL TWD. ZhET
(2, REESLMET Yan=0.113, 0226, 0.453, 0.68, 0.84 T un=027~32m/s (2T g DIALTT
3T 2 5P L7, AR T, JEAIDS qo (SR T B2 519 2 72912, P=0.3 MPa, Yy =0.113,
0.226, 0.340, 0.453, win=0.27~3.2 m/s CEAEMENT 51T > 72. 0.3 MPa Cl% CFD 5 AH ge.crp DR X
<72V, RKETIE gecrp & £ —FT 5 g DVERMBEX CTOREE L Y K& < leodz. shifilx i

(FC) BEAEICKR LTI, oo & E<—FT 5 g DTERMBEIRIT AN T 5700 . — T, wn DWW
o T ge M—TEMITIT-S < HARRHRE (NC) EEMFICHR LTI, KRRUESRMATIE g ZiRKAHET 5
Spalding DARBIR & W7 v a2 UAREL 08 OGN qecrp & K< —BT D EHRAE A L 2 72

X—D—F  RINER, SNETR, BEMEEN, SAEART, BEERGIH, EHORE

Abstract In this study series, we have been carring out numerical simulation for wall condensation on a
vertical flat plate from steam and air mixtures by using the CFD (computational fluid dynamics) code
FLUENT to evaluate effects of the steam mass fraction Y, and mixture velocity ui» on condensation heat
fluxes g and to select suitable g. correlations. We previously finished the numerical simulation for conditions
of Y5in=0.113,0.226, 0.453, 0.68 and 0.84 and ui» = 0.27-3.2 m/s at the pressure of P =0.1 MPa, and obtained
the g. distributions in the flow direction. Now, in this study, we carried out the numerical simulation for
conditions of Y, = 0.113, 0.226, 0.340 and 0.453 and wi» = 0.27-3.2 m/s at P = 0.3 MPa to evaluate effects
of the pressure on g.. The gc.crp values obtained from CFD analysis at P = 0.3 MPa became larger than the g.
values with the correlation, which gave good agreement with the g.crp values at P = 0.1 MPa. For forced
convection (FC) condensation, a correlation, which gave good agreement with the g.crp values, was not
found. On the other hand, for natural convection (NC) condensation (where the g. value approaches a constant
value with decreasing ui), the correlation by Spalding with the suction factor dp, which gave larger values
than the gc.crp values at P = 0.1 MPa, gave good agreement with the g.crp values at P = 0.3 MPa.

Keywords containment vessel, vertical flat plate, wall condensation, numerical simulation, condensation heat flux,
pressure effect
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Numerical Simulation for Effects of Pressure on Condensation Heat Fluxes on a Vertical Flat
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Numerical Simulation for Condensation Heat Fluxes on a Vertical Flat Plate from Steam and Air
Mixtures

EA  B¥R (Toshiya Takaki)

AE JERE (Michio Murase)*1

“#F BL= (Koji Miyoshi)
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B 5. CV HEZ BT 2 EnE VA C D BE RN 4 FEBRAVIC AT 9~ 2 I IX R R 2L E S BT e D
7o, AMFIE TIISNE AT IS IS x 9% CFD ffAT I L 0 ZRRVE #03 Yon B L OEK L ERDOIR
BRIEDESE win ZBEE L THRAT M OB ge O3 %EFTHMI L TWD . ARETIE, Zh
FTO Y5n=0.226, 0.453, 0.68 (2 0.113 & 0.84 (un=0.27~32m/s) % B0 L C CFD fbr 217\,

qe DBEFFFEBI & LRl REAl U7=. sl %ot (FC) #EffE ClX, CFD FHEAE gecrp & BEAFHHEIZIC X
L EAE qerc 1T K < —B Lic. — 07, un 2V T 5 & ge M —EMEIZHNE T 2 B %R (NC)

EERE CIE, AR Yo S0 CREAFEFABIAUC K 2 FHRAE genc 1 gecrp £ 0 RIEIZKRE 722D, genc B

EYET DL ENEE L.
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WRIAAR A, SRELT, BEFIRENE, BEARAT, SREDAE, B, B AR

Abstract The final objective of our study series is to present correlations for condensation heat transfer;
which are used for boundary conditions in CFD (computational fluid dynamics) analysis for thermal-
hydraulic behavior in the containment vessel (CV) of nuclear reactors during accident conditions. The
distributions of condensation heat fluxes g. in the flow direction (x direction) are numerically evaluated with
CFD computations by changing steam mass fraction Y5, and velocities u:» of steam and air mixtures, because
a large-scale facility is needed to do experiments for wall condensation on a vertical flat plate in a vertical
flow channel simulating a CV wall. In this report, CFD computations were carried out with Y5, = 0.113 and
0.84 (uin=0.27-3.2 m/s) in addition to the previous CFD computations with Yy = 0.226, 0.453 and 0.68. For
forced convection (FC) condensation, the CFD values gc.crp agreed relatively well with the g.rc computed
with existing correlations. On the other hand, for natural convection (NC) condensation (where the g. value
approaches a constant value with decreasing uin), the g.nc values computed with existing correlations were
much larger under the condition of small Ysx than the gc.crp values, and improvement of the g nc correlation

is expected.

Keywords
convection, condensation heat flux
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(Zr-/KIG, BREMR D 2 T 7" A S0k D B BRHAM)

MAAPS Analysis on the Core Damage and Relocation in the TMI-2 Accident

(Evaluation of Zr-water Reaction, Fuel Rod Collapsing Condition)

iR #i (Hiroaki Takanami) ™!
PR fIEKER (Seitaro Sakurai) !

PEH %~ (Koji Nishida) !
AT¥E TEME (Michio Murase) ™!

B VBT T I VT MENT 3 — K MAAPS & iV, TMI-2 S50 O ENT AR CREE 7257 DI IR
MNOFT U Ry RRERK SN D ESRD] (100-174 4) 2B TP LMEEBLIOY ar—y g 42
FIEFT VN a=g AOKISE L O L BB D 2 7 7 A LEORBETM L. B Fho
JEDVE BN, FIGEEO/NS WS — A TIIFLVEEO Y — 7 (LENE L, RISEEDORE N
TF=ATIHELS 2oz, ZHUE, Dva= g AKKISHEEIZIS UT, KEHRAR, $EEFREN
L, Vualr—ya T BFEMAEIOE S FMOMERNEN LIz EEZE 2005, FoEE
REHED 2T 7T ALMEORFI T, 27 7 A LHE SN EHEO S Sk X 0 B ook
BHENE D N — A &, RBHENIE D r— A TIREMRNT LTz, 29 7 A LR WREHERE D 7
— AT, BHTBREMEIO T~V alr—y g ndbinlpoiahy, a7 7 ALMENKERE
B, EEIREICRIETEATRB TH-o T,

F—I—F  IML2, FOEE, Vab—var, ZekKE, a7 7R

Abstract We used the severe accident analysis code MAAPS to evaluate the effects of zirconium-water
reaction rates and collapse conditions of the fuel rods on the core damage and relocation in the early stage
(100-174 min) of the TMI-2 accident when debris beds were formed from the intact core geometry. The peak
positions of the core mass in the height direction were high in the case of a small reaction rate and low in the
case of a large reaction rate. We considered that this result was due to changes in the hydrogen generation
amount, cladding temperature, and the height region of the core fuel to be relocated, depending on the
zirconium-water reaction rate. We carried out sensitivity analyses of the fuel rod collapse conditions, in which
the fuel rods remained or did not remain above the height of the collapsed fuel rods. When the fuel rods
remained above the height of the collapsed fuel rods, the relocation of fuel material downward was somewhat
small, but the effects of the collapse condition on the hydrogen generation amount and cladding temperature
were not significant.

Keywords TMI-2, core damage, relocation, Zr-water reaction, collapse
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Application of Machine Learning Models for Statistical Safety Evaluation
(Investigation of Optimization Methods of Quantum Circuit Learning)
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Abstract To reduce the computational demand in the best estimate plus uncertainty (BEPU) analysis, an
accurate and inexpensive machine learning model is expected to be used to replace the high-fidelity RELAP5
code for rapid determination of the uncertainties on the figure of merit of interest. Quantum circuit learning
is an algorithm that can work on NISQ (noisy intermediate-scale quantum) computers. In this paper, the
applicability of optimization methods that are popular in deep learning to quantum circuit learning was
investigated in order to construct a model that is effective even with the hardware limitations of NISQ
computers. Quantum circuits were defined as a custom layer in PyTorch, and SGD and Adam were used as
optimization methods. Incorporating quantum circuits into the deep learning network resulted in improved
generalization performance, even for shallow quantum circuits. When SGD was used, convergence on
training data was slow, but generalization performance on non-training data was good. On the other hand,
when using Adam, convergence on the training data was fast, but generalization performance deteriorated. It
was concluded that by appropriately selecting the algorithm and the hyperparameters of optimization method
of deep learning framework, a learning process can be achieved with good generalization performance and a
learning model can be constructed with good prediction accuracy for the 95% cumulative probability value.

Keywords Best estimate plus uncertainty (BEPU), Quantum circuit learning, Optimization method, Uncertainty
analysis
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Examining the challenges of using generative Al in the qualitative evaluation of safety culture
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Abstract In this paper, challenges were identified in using technologies such as generative Al for qualitative
safety culture assessment (self-assessment of safety culture based on free-form responses to a questionnaire).
First, it was found that summaries generated by generative Al may distort the meaning of sentences and omit
subtle specificity and nuance, as well as minority but important opinions, which would likely be used by
evaluators when analyzing and evaluating. This is likely due to the strategies used by generative Al in
summarizing, such as omitting words deemed unimportant, replacing unconventional expressions with more
commonly used expressions, omitting minority opinions, and merging sentences that can be combined.
Second, it was found that generative Al summaries may not extract information that humans would perceive
and extract as "important for safety culture assessment." In qualitative analysis, it is widely accepted that
humans implicitly utilize their own common sense, knowledge of the subject, and experience, and the present
study findings also suggest this is the case.

Keywords  Safety culture, organizational culture, evaluation, qualitative analysis, generative Al
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A study on safety activities conducted with on-site observations
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Abstract This paper provides an overview of safety activities involving on-site observation, addressing
representative practices such as site patrols, dialogic patrols, and management observations (MOs). It also
organizes the objectives and implementation methods of actual activities conducted in industry. The analysis
shows that the purposes of safety activities incorporating on-site observation are diverse, encompassing the
detection of on-site risks, improvement of working environments, building of trust relationships,
identification of organizational challenges, training in risk detection, and learning best practices. Accordingly,
it is argued that selecting implementation methods based on the intended objectives is essential when
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conducting on-site observation.

Keywords  Safety patrol, management observation, behavioral observation
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Results of Questionnaire Survey on Energy and Environmental Education Practices at School
Sites in Fiscal Year 2024

PaEF  HN4SiC (Kanae Nishino) *!' 3% —iZ (Kazuhiko Asazuma) *'

KB% E— (Shinichi Oiso) *?
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Abstract  This survey has been conducted every three years since fiscal year 2017 to investigate the
actual status of energy and environmental education in schools in the Kansai region and Fukui Prefecture.
According to the results of the survey conducted in fiscal 2024, awareness of energy and environmental
education was about 70%, and interest and importance were also highly rated at about 80%, but it became
clear that only about 30% of the schools were actually implementing such education. The reasons cited for
the lack of progress in implementation were insufficient time in the current curriculum and a lack of
understanding of implementation methods. Among them, the response “lack of time” was particularly
common. In addition, approximately 80% of the teachers wanted external support, and there were high
expectations for outreach classes and digital teaching materials. Given the current lack of time in class, it is
necessary to consider how to incorporate energy and environmental education into this time-restricted
curriculum.

Keywords  energy and environmental education, energy education, questionnaire,
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Prospect of development of ultrasonic testing technology using high harmonic method

i {—i  (Hitoshi Ishida) *1
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Abstract Ultrasonic testing is performed as a volumetric test during in-service inspections of nuclear power
plants. When defects are detected, dimensional measurements are required for soundness assessment. The
current measurement method is based on the ultrasonic pulse technique, it is impossible to confirm that a
crack continues from its opening to its tip. The high harmonic waves method is a technique that attempts to
visualize cracks by using harmonics generated by waveform distortion caused by changes in the contact
condition of the crack. This report presents the limitations of the current method and the advantages of the

high harmonic waves method, and describes the development status to date.
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corrosion cracking
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PR ERAFIZRT 2HBALIN T A7 > L A8 D SCC K¢tk
~ZIVE TORFIRI-
SCC Behavior of Sensitized and Cold-Worked Austenitic Stainless Steels

in Deaerated High-Temperature Water -A Review of Current Studies-

(U EES (Takuyo Yamada) ™' , <Mt 5 (Takumi Terachi) *!

B 1970 R OB KT (BIR) T, FEERME OIS T —2T 74 b RAT
UL AOIE B REIN TR AL S, 20 SCC OMEHATI1E, IEHEEOEGEC L kR
AL ER L, FHICEE D RR Cr IEDIK FTH D & SN TWD, BIR OREELMIIIEE LG
DIFEBOALOBENEETHY, ZOBRE FOBBILAT > L A8 SCC ZEEZDOWTH L DI
BN L. —J7, MEABERAIE (PWR) @ 1 REHEIKIE, KFBEIIN L0 BEREMMESINZ S
NTWDTD, AT VAFHOD SCCILZ DFEDEREE F CIFAE LRV LD ERELBEL BN TE .
LosL, SROWINTEZMAT-5E10E, FEBBUEAT L ASHTH SCC EREZEUHDLE08HH 2
ERFERI S LTV D, INSS TiE, S RENIREE COMMBIMTAT > L A#f{d SCC ZE@IZHFH L
WFge % i L C & 7228, HPOBREE T, Sk &M TAEA Lz T8k T 27> L 24 12
B2t i L C& 7z, ARG TR, £PBRKIFICBITS SCC FHHI KOs %2, L LT
(1) JBEEN (LIEE) ofE, (2 St MTEOHLE (Basthzaie) OBE THME UL
DTS, TORTHRICHEREIRATR (EERELN) TOHBLIIT AT > L Ao SCC £k, &
TEALKAENE, IREDORBICET 5 ZhE TOMRRNEZBNT 5.

TRHREE, ST AT > L A SCC @, BREMIZE > TREL Ry, MKEE
MRS K OVPWRL IR EIR B K TP o0 & 5 72 RS A BATEREE T ClE, BE 2SR REMELI:
2T, SCC MWBAFZ I CTh o 7=, HEEAMEHAT TH 28It (R, kit Cr J1E)
ML OBEARBECHOWTIE, By, BIR Cr BB, MLIOEELZN TN LB s, B
ALEBAEEZDINENDD. $ETOTNENDOEBIIONT, BREMMICE5EE, BLO
IREDRBEZRBICANDLENDS.

F—0—F  GULNTA—ATF A b AT VA, @K HIS I RE, BRBEA RN, e
Jf, DI AR -4

Abstract In the 1970s, stress corrosion cracking (SCC) occurrence was reported in austenitic stainless steels
(ASSs) near the weld heat affecting zone (HAZ) of recirculation piping in boiling water reactors (BWRs).
The material factor for this SCC is believed to be the intergranular carbides formed by welding heat; these
carbides affect the intergranular Cr concentration and cause it to decrease. BWR water is under normal water
chemistry (NWC), in other words, there is a condition of high corrosion potential due to including oxygen,
and there are many examples of studies on ASSs SCC behavior in this environment. On the other hand, the
primary coolant of pressurized water reactors (PWRs) is normally hydrogenated to keep a low corrosion
potential, and it has long been believed that SCC of ASSs does not occur in this type of environment. However,
it has been pointed out that SCC growth may occur even in non-sensitized ASSs when subjected to strong
(cold) working. INSS has focused its research on SCC behavior of cold-worked ASSs in environments with
low corrosion potentials and has also conducted studies on “sensitized and cold-worked ASSs (including
combined condition)”. In this paper, ASSs of SCC experience in light water reactors (LWRs) and its research
examples are categorized and reviewed mainly in terms of (1) corrosion potential (and temperature) and (2)
sensitization and cold-work (including combined condition). Especially, corrosion and temperature
dependencies on SCC of sensitized and cold-worked ASSs are introduced in de-aerated and hydrogenated
high temperature water (low corrosion potential).

The SCC behaviors of sensitized and cold-worked ASSs greatly depend on the corrosion potential, and the
SCC in low corrosion potential environments such as de-aerated high-temperature pure water and simulated
PWR primary coolant water is significantly more suppressive than that at high corrosion potential. To clarify
the effects of sensitization (carbide formation and intergranular Cr concentration) and cold-working on
IGSCC, it is necessary to consider these effects separately and then combined. And then effects of corrosion
potential and temperature should also be considered.

Keywords  sensitized and cold-worked austenitic stainless steel, stress corrosion cracking (SCC) in high-temperature
water, corrosion potential dependence, pressurized water reactor (PWR), boiling water reactor (BWR)
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